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ns-3 training goals

 Make attendees more productive with ns-3

—Learn about the project scope, and where to
get additional help

—Understand the architecture and design goals
of the software

—Introduce how to write new code for the
simulator

—Learn about selected topics in more detall
—Answer your questions
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Agenda and Instructors

Software and usage overview (T. Henderson)
* How to write new models (T. Pecorella)

* Wi-Fi and wireless models (T. Henderson)
TCP and AQM models (M. Tahiliani)

Traffic control (S. Avallone)

{ Please ask questions along the way!
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Additional training archives

* LTE (Lorenza Giupponiand Biljana Bojovic),
June 2016

Parallel, Distributed Simulations (Peter Barnes),
June 2016

Direct Code Execution (Tom Henderson), June
2016

Tracing (Walid Younes), June 2014

{ http://www.nsnam.org/wiki/Training2017 ]
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Your feedback on requested topics

1) what is your past level of experience with ns-3?
— various (from starting the tutorial to having written new models)

2) what technical topics in the simulator interest you
the most?

— Wi-Fi, LTE, TCP

— routing 6LOWPAN, loT, IPv6, BGP, and the core

3) past level of experience with any other network
simulation tools?

— MATLAB/Simulink, plus ns-2, OPNET, OMNeT++, Totem
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Your feedback on requested topics

4) what do you most want to get out of the training
sessions
— refresh, getideas for lab assignments, understand real-time

simulations, inject real traffic, global tips and tricks about ns-3,
learn LTE, implement new models
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Options for working along

1) Download the required packages onto your
(Linux, OS X, or BSD) system

2) Download the ISO image (Live DVD
3) Browse the code online: hitps://code.nsnam.org

. 4y A ) (o]

;i ’j ns-3-dev: Summary

€« C' | [3 code.nsnam.org/ns-3

ns-3-dev / summary Mercurial
summary | shortlog | changelog | araph | taas | bookmarks | branches | files | bz2 | zip | az | help
description ns-3 developmenttree

owner <ns-developers@isi.edu=
lastchange Sun, 15 Mar 2015 09:14:50 +0100

changes

3daysago Tommaso Pecorella Bug 2025 - (Ir-wpan) Changing the channel doesn't affect the Tx params defautt| tip changeset | files

3daysago Tommaso Pecorella Bug 2076 - TCP MinRTO Attribute is not actually used changeset | files

3daysago Tommaso Pecorella Bug 2077 - lcmpv6L4Protocol::HandleDestinationUnreachable must check the packet size, not its serialized size changeset| fies

6daysago Vedran Mileti¢ Fix building with clang 3.5 (abs->std::abs, unused vars) changeset | files

12 daysago Vedran Miletic Fix building with GCC 5 and subsequently clean up sgi-hashmap.h changeset | fies

2 weeks ago Natale Patriciello Bug 2070 - Wrong report of Packets and Bytes stored in CoDelL changeset | files

2 weeks ago Tommaso Pecorella Bug 1974 - CalculateTxTime should return a Time, not a double changeset | files

2 weeks ago Tommaso Pecorella Bug 2073 - NDisc cache entries update timer might be stuck in a loop changeset | files v ‘
= ns-3-mnm-training.iso v & Show all downloads... X ‘
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Project overview
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Motivations for ns-3 project

Develop an extensible simulation environment for
networkingresearch

1) a tool aligned with the experimentation needs of
modern networking research

2) a tool that elevates the technical rigor of network
simulation practice

3) an open-source project that encourages community
contribution, peer review, and long-term maintenance
and validation of the software

Community-maintained, scientific computing software
by following best current practices for open source

ns-3 ns-3 Training, June 2017
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ns-3: An Open Source Network Simulator

* ns-3 is a discrete-event network simulator
targeted for research and educational use

model developers

ns- 3 software

)

NS-3 Consortium
ns-3 maintainers

Education
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What have people done with ns-3?

» thousands of publications to date

— search of 'ns-3 simulator' on IEEE and ACM digital
ibraries, or Google Scholar

/ACM TRANSACTIONS QN NETWORKING, VOL 2, NO. 6, DECEMESR.

FSR: Formal Analysis and Implementation Toolkit

for Safe Interdomain Routing

Anduo Wang, Limin Jia, Member, IEEE. Wenchao Zhou, Yiging Ren, Boon
Jennifer Rexford, Sewior Member; IEEE, Vivek Nigam, Andre Scedrov, and Carolyn Taleott
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Abstract We present an efficient message delivery
framework, called MeDeHa, which enables com

essage delivery in heterogeneous networks prone to episodic

MeDeHa's sbility ® operste in enviranments consisting of

a diverse set of networks and evaluate its

in an iniemet connecting heterogenecus networks that &
prone 10 disrugtions in comectivity. MeDeHa is comple-
mentary 10 the IRTF's Bundle Architecure: besides its
ability 1o store messages for unavailable destinations,
MeDeHa can bridge the connectivity gap between infra
structure-based and multi-hop infrastructure-less networks.
It benefits from network hewrogeneity (e.g., nodes sup-

E 80211 networks, partcipati
infrastructure- and ad-hoc modes 10 deliver data to oher-
w Tt also employs opp
routing © support nodes with episodic comectivity. One of
MeDeHa's key features is that any MeDeHanode can relay
data 10 any destination and can act 3 3 gateway to make
two networks inter-operate ar 1o comect to the backbone
network. The network is able 1 store data destined to
temparasily wavailable nodes tll the time of their exp
This time period depends upon cumrent starage availability
=5 well =5 qualty-of-service needs (e.g. delivery delay
bounds) imposed by the spplication. We showcase

RN B.Rais ()
COMSATS It of abmaion Techmsogy (I

T. Twrkews
INRIA, Sophia Astipolis, Frasce
-mail: thiewy tuda6® sophiainria &

K. Otexzia
Uiy of Caifornis, Sams Cr, A, USA
mail: k2626 s0e scac

performance trough extensive simmlations using 3 variety
of scemarios with realistic synthetic and real mobility tra-
ces. Our resubts show significant improvement in &
delivery ratio and asignificant decresse m.mmnumy
delay in the face of episodic comectivity. We also den
cnstrate that MeDeHa supports different levels of quality
of-service twough traffic differentiation and message
prioritization.

Keywords Disruption wlerance - Episodic connectivity
Heterogeneous networks - Node relaying - Store-camy-and-
forward - DTN routing

1 Introduction

Itis envisioned that the Intemet of the future will be highly
hewrogeneous not only due 1 the wide variety of end
devices it interconnects, but also in terms of the underly
networks it comprises. Figue | illustrates network:
range from wired- and wireless backbones (e commun
wireless mesh networks) 10 wirekess infrastructure-based
and ad-hoe networks (eg., MANETS). On the other hand,

. etc), and vehicular
ply frequent and wbivarily
lived distuptions in connectivity. The resuking dis-
ruption- or delsy-blerant networks (DTNs) will likely
become an impartant component of future intemetworks.

Seamless interoperability among heterogeneous net
works is & chalkenging problem s these networks may
have very different characteristics. Node diversity may also

Qpringer

Augmenting Data Center Networks with
Multi-Gigabit Wireless Links

Daniel Halperin-, Srikanth Kandulat, Jitendra Padhye+, Paramvir Bahl', and David Wetherall
Microsoft Research' and University of Washington®

Abstract — The 60 GHz wireless sechnology that is now emerging

conpectivity
e hotspots
in cversubscribed data center (DC) networks. By experimenting

oy we show that the DC

suited 1o a depl 60 Gz links contrary to ¢ ot
interference and fink relisbility. Using directional antennas, many
wireless links can run concurenly at mult-Gbps raies on top.of
ack (ToR) swicbes. The wised DC nctwork can be e o sidesep

By
oC e o el spphcation, we show ‘that adding a small
of wireless flyways to the
e DX network can gt pertormance. However, o b of
cant value, we find that one hop indirect routing is needed.
Informed by our 60 Gz experiments and DC traffic analysis, we
present a design that uses DC traffic Jevels to select and adds fly
ways 1o the wired DC network. Trace-driver ovaluations show that
retwork.imied DC spplicabons widh prediciabe wafic workioads
runsing o6 a 1:2 oversubscribed network can be sped up by 45%
in 95% of the cases, with just one wircless device per ToR switch.
With two devices, in 40% of the cases, the performance is identical
10 that of a non-oversubscribed network.

Categories and Subject Descriptors
€21 [Computer. Communication Networks}: Network Archi-
ctare and Design—Wircess Commuication

General Terms
Design, Experimentation, Measurerment, Performance

1. INTRODUCTION
e verdhngsh wises tchmclogy ie gy becg de
e btuesn 5164 Gis, coloquialy kacws s e
ot b e i The band
contsin ove 80 i e adiath svalabie for SO2.1107g st

2.4 GHaz, and supports devices with mult-Gbps data rates. Further-
mare, 60GHz devices with directional ankernas can be deployed
denscly, because the signal

aticnuates rapidly duc o the high fre

‘companies like Siieam [26] promise to deliver 60 GHz devices at
s than $10 per unit at OEM quantities. In summary, 60 GHz tech.
nology can lead to dense, high-bandwidth wistless connectivity at
Tow cost

Perision i make diga o had cpis of s e pat o s werk o

To date, 60 GHz techaology has been explored o isolaked point
point links. A comemon scenario is home enkertainment, €5 3
BluRay player that communicake s wirklessly with a nearby telovi-
sicn ke of ing ey HIM) caen

In this paper, we cons avel pos:
i s s cemtr (DC). t sugrmens be wind metweck This
is a promising approach to explore for several masons. First, we
note that the machines in a DC e densely packed, 50 wirckess
devinstat pords Wigh i cer st remge o 8 .
nal fit Second, the radio environment is largely static since peo-
ple and equipment move around infequently, minimizing flactua.

ess link quality. Third, line-of

achicvable by mounting 60 GHz radios on top of racks. Finaly, the
i DC ook s avlbl s bl chaee]forcoonding
ing wirtless dovioes, thereby si many traditional wircless
rbicms och as algning drectoos sender and recives,
interferene avoidnce.

Traditional, wired DC petworks ars tree-structired and overseb-
s down [15]. For cxample, 3 typical DC
ines connected 03 top-of-the-rack (ToR) sw
with | Gbps links. The ToR is connected to an 3
(o petwork with other racks) with 10Gbps links. Thus, the link

ility of wsing 60GHz

2 ratio of 1:4. Howeves, each oversubscribed link is a potential
hotspot that hinders some DC application. Recent rescarch tack.
Jes this problem by combining many more links and switches with

variants of multipath routing s that the core of the nebvark is o
longer oversubscribed (1, 8, 9). OF course, this heneit comes with
Iarge material cost and implementation complexity [15]. Some de-

I prior work [15}, we argucd instead for 3 mor modest addi
fomf ks o elvs bt oo spplcatio performnce
o the base netwerk

Scantly improve performance, without the cost of building a fully
fon-oversubscribed network.

“The basic design of 2 DC network with 60GHz flyways is as
follows. The haze wired network is provisioned for the average
cas and can b everbncried. Each top o rack (ToR) swich o
ecquipped with one or mre 60 GHz wireless devices, with clectron-
scally scerable dimcctional antennas. A central controller moeitors
C traffic patterns, and switches the beams of the wireless dovices
10 st up flywsys between ToR switches that provide added band-
width as reeded.

Other msearchers have explored e of fiber optic cables and

EMS switches 7, 30] yways. We el 0
fyways ar an atractive chosce because wirck s deviees simplify
X epyrades, 5 o wiring changes s recded. Furtermare, 60 Gz

ey o become imexpensive a it is commoditzed by

o clasrocen s i graned wabot ek
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appl ke optical switches ar: not. Wircless de
vices can introduce additional issues s well—for crample, with
dynamic topology, the petwork management may become Mo
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ns-3 overview

 ns-3is aleading open source, packet-level network simulator
oriented towards network research, featuring a high-performance
core enabling parallelization across a cluster (for large
scenarios), ability to run real code, and interaction with testbeds

cosl anali ations

real applications

—
I
. real applications
/ } via Direct Code
Native ns-3 4 Execution
models of these L ! modular
layers I , Interconnections
run Linux
e . Linux kernel code
i stack via Direct
Code Execution
Runs on a - .
single machine e | 1 modular
High fidelity .r : interconnections
models of M v
LTE, Wi-Fi packets can
» Support for , be sent out
802.15.4, L over real NICs
mobility, Phy/Channel ‘N in testbeds
propagation, (realtime
energy scheduler)

— via Direct Code
Execution

ctions

run Linux
kernel code

via Direct

Code Execution

tions

packets can
be sent out

. over real NICs
in testbeds
(realtime
scheduler)

Code

an

ut

NICs p
ds or partitioned
) across a cluster
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Network performance evaluation options

* ns-3 enablesresearchers to more easily move
between simulations, test beds, and experiments

Direct Code Emulation
ns-3 core
Execution \ / modes

Test and evaluation options

Pure Simulation Virtual/Physical Field Live
simulation cradles testbeds experiments networks

Increasing realism

Increasing complexity

AIINS-3 ns-3 Training, June 2017
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* The open-source project
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ns-3 main website

* Project home: https://www.nsnam.org

: . l ' I l I S -3 OVERVIEW i RELEASES | DOCUMENTATION i DEVELOPERS | SUPPORT

Recent Posts:

March 2015 ns-3 accepted into SOCIS 2015 : gg
ns-3 has been selected to participate in the 2015
Europ

ns-3 is a discrete-event network simulator for Internet systems,

targeted primarily for research and educational use. ns-3 is free

software, licensed under the GNU GPLv2 license, and is publicly

‘/‘

available for research, development, and use.

March 2015 ns-3 accepted to Google Summer
of Code 2015 : ns-3 is participating in GSoC 2015!

We were happy to |..

Most recent stable release: ’ February 2015 WNS3 Call for Posters, Demos,
nS 3,‘,“ Attend ns-3’s annual s-a Short Talks : The Workshop on ns-3 (WNS3)
« Download ns-3.22 code ”"""""’*“'_’:' meeting T invites your participation
- View documentation \ 11-15 May 2015, Barcelona
‘\ \ : : February 2015 ns-3.22 released :ns-3.22
(!/ * Meetlng overview provides a number of updates related to WiFi su.
Other releases and docs: - Workshop on ns-3 \
« All releases _d Training overview ;qno:;ﬂ?gg 20T1r4 r210‘15 "_.'Vorksnhop on ns~3 _
. e NS-3 Consortium is organizing
- All documentation -_Register here the 2015 edition of t

ns-3 ns-3 Training, June 2017
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How the project operates

* Project provides three annual software releases

» Users interact on mailing lists and using Bugzilla bug
tracker

« Code may be proposed for merge
— Code reviews occuron a Google site

« Maintainers (one for each module) fix or delegate bugs,
participate in reviews

* Project has been conducting annual workshop and
developer meeting around SIMUTools through 2013
— Some additional meetings on ad hoc basis
« Summer projects (Google Summer of Code, ESA
Summer of Code in Space, others...)

ns'é ns-3 Training, June 2017

NETWORK SIMULAT



Maintainers, Authors, Users

* ~10-15 maintainers at any given time
* 191 authors credited in AUTHORS file

» Over 6000 subscribers to ns-3-users
Google Groups forum

* Over 1500 subscribers to ns-developers
mailing list

 Various project forks exist (on Github and
elsewhere)

ns-3 ns-3 Training, June 2017
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Contributed code and
associated projects

bt 1174

NS-3 based Named Data Networking (NDN) simulator

ndnSIM: NDN, CCN, CCNx, content centric networks

ndnSIM  ndnSIM API

Next topic
Introduct
This Page

Source

Quick search

—

Enter search terms or a module,
class or function name.

Welcome to ndnSIM NS-3 based NDN simulator

about ndnSIM

in general (mailing list archives).

We invite you to join our mailing list to see and participate in
Contents:

o Introduction
© More documentation
o Support
© A very short guide to the code
o Logging
* Getting Started
o Portability
o Requirements
© Downloading ndnSIM source
o Compiling and running ndnSIM
© ndnSIM helpers
o StackHelper
= Routing
= Manually routes
= Global routing controller
* Default routes
= Content Store
= Pending Interest Table
= Forwarding strategy
o AppHelper
o Content Store
o Simple content stores
® Least Recently Used (LRU) (default)
= First-In-First-Out (FIFO)
= Random
o Content stores with entry lifetime tracking
= Least Recently Used (LRU)
= First-In-First-Out (FIFO)
= Random
o Content stores respecting freshness field of ContentObjects
= Least Recently Used (LRU)
® First-In-First-Out (FIFO)
= Random

@

ProjectHomel Downloads ~ Wiki

mptcp-ns3

implement multipath TCP on ns-3

Issues  Source

Summary Updates People

Project Information

Starred by 4 users
Activity 1" Medium
Project feeds

Code license
GNU Lesser GPL

Labels
Academic, ns-3, MPTCP,
TCP, CPlusPlus, Study,

Home
> News
» Teaching
» staff

» Research

Publications

Research Group

Avareness Applet
IKad
Jaa$ Dispatcher

» Traffic Telematics Junior

~ Miscellaneous / Software

HOME | DEUTSCH | LEGALS | SITEMAP | KIT

for NS-3
Jens Mittag, Stylianos Papanastasiou (CSS)
DSN, Chalmers University of Technology - Signals and Systems (CSS)

PhySimWil
Contact:
Project
Group:

Overview

PhySim-WiFi for NS-3 is a detailed and accurate implementation of the OFDM-based IEEE 802.11 standard within the popular
network simulator Compared to the default 802.11 PHY implementation of NS-3, which abstracts packets by considering only
an average signal strength per paket und the length of the packet, the PhySim-WiFi implementation simulates the underlying signal
processing steps of a transceiver down to the signal level, and introduces an increases accuracy for the decision whether a packet
could be received correctly or not. At the same time, the new allows to more channel
models. For instance, due to the modeling of packets on a signal level, channel models can emulate multi-path effects much more
accurately and are able to reflect Doppler effects and their impact on the physical layer signal processing algorithm.

The Ph is a drop-in of the default model, thus, it can be used with only minor

» BitMON
JAAS Dispatcher
EMDV Visualizer
ovivis.
IEEE 802.11 Bugfix in
ns-2.28

» How to contact us!

Overhaul of IEEE 802.

in the existing simulation code and the existing scenario setups.

For additional information and a changelog, please take a look at the

mWiFi Man

Full package download

(based on NS-3.9 and PhySim-WiFi) - August 19, 2011
(based on NS-3.9 and PhySim-WiFi) - September 12, 2010

11

August 19, 2011
hySimWiFi v1.0 - August 19, 2011
= PhySimWiFi v1.0 for NS-3.9 - September 12, 2010

Mull hTCP, multipath,
Simulator

4% Members
chihan... @gmail.com

Links
External links
MPTCP IETF's Working Group
Multipath TCP in UCL
Multipath TCP in INL

Project description

The mptcp-ns3 project focuses on developing implementation of Multipath TCP on ns-3 for research purposes. The project implement the entire

transport layer in ns-3.

Multipath TCP is an extension to TCP which aims to use multiple paths to handle a ication between two

working group to standardize Multipath TCP.
Please check the following URL for more information about multipath TCP. http://datatracker.ietf org/wa/mptcp/charter/

Current Status

The current implementation is really close to the MPTCP specification:
* MPTCP options: MPC (Multipath Capable), ADD and REMOVE address, JOIN, etc.
. RTT C

* Congestion Control: Fully Coupled, Uncoupled TCPs, Linked I
o Packet Reordering: None, Eifel, DSACK and F-RTO algorithms

Getting Started

Follow the instructions in the wiki page http://code_google.com/p/mptcp-ns3/wiki/Makelt to successfully run simulations.

- MPTCP is the IETF

ns-3
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Sustainment

 The NS-3 Consortiumis a collection of
organizations cooperating to support and
develop the ns-3 software.

* |t operatesin support of the open source project

— by providing a point of contact between industrial
members and ns-3 developers,

— by sponsoring events in support of ns-3 such as
users' days and workshops,

— by guaranteeing maintenance support for ns-3's core,
and

— by supporting administrative activities necessary to
conduct a large open source project.

nS-BR ns-3 Training, June 2017



ns-3 Consortium governance

Open Source

Community

Steering
Committee

Consortium
Members

ns-3
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Contributors

Suggestions Feedback
& Maintenance
APpON 1 Executive Director
Directors 10 Directors
Feedback Reports,
& Funding Feedback,Training
-
3 N
INESC BU
Founding UWA Executive Other
Executive INRIA| | Members ~ CTTC GT Consortium
Members Members
\_ J \. J \_
Y
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Software overview

* ns-3 is written in C++, with bindings available
for Python

— simulation programs are C++ executables or
Python programs

— ~350,000 lines of C++ (cloc estimate)
— almost exclusively C++98, beginning to use C++11

* ns-3is a GNU GPLv2-licensed project

* ns-3 is mainly supported for Linux, OS X, and
FreeBSD

— Windows Visual Studio port available

* ns-3 Is not backwards-compatible with ns-2
ns-3 ns-3 Training, June 2017
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Discrete-event simulation basics

« Simulation time moves in discrete jumps from event to
event

« C++ functions schedule events to occur at specific
simulation times

« A simulation scheduler orders the event execution
« Simulation::Run() executes a single-threaded event list
« Simulation stops at specific time or when events end

Execute a function
* (may generate additional events)

\/ Advance the virtual time
to the next event (function)
ns-3 ns-3 Training, June 2017
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The basic ns-3 architecture
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Software orientation

Key differences from other network
simulators:
1) Command-line, Unix orientation

—Vvs. Integrated Development Environment
(IDE)

2) Simulations and models written directly in
C++ and Python

— VvS. a domain-specific simulation language

ns-3 ns-3 Training, June 2017

TTTTTTTTTTTTTTTT



ns-3 does not have a graphical IDE
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ns-3 not written in a high-level language

Submodule vectors. gate vectors and multiple connections are illustrated in the following example:

simple Hub
gates:
out: outport[];
endsimple

simple Station //...

module Star
submodules:
hub: Hub
gatesizes: outport[4];
station: Station[4];
connections:
for i=0..3 do
hub.outport[i] --> station[i].in;
endfor
endmodule

The result of the above 1s depicted 1n Fig 4.

Star

station[1]

|

hub

Qaamma

Example of OMNeT++ Network Description (NED) language
Figure excerpted from http://www.ewh.ieee.org/soc/es/Nov1999/18/ned.htm
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Software organization

« Two levels of ns-3 software and libraries

1) Several supporting libraries, not system-installed, can be in parallel to ns-3

[Netanim J [pybindgenJ [Clickroutingﬂ 'Y X [ ns-3 ]
- \

-

- \

- \

Y - - \
~ N ~ S

2) ns-3 modules exist module module module
within the ns-3 directory . ’ ‘o0 @0
( N e ) ( )

module module module
\, J . J e J
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Current models
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Module organization

* models/

« examples/
o tests/

* bindings/
» doc/

e wscript
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ns-3 programs

» ns-3 programs are C++ executables that
link the needed shared libraries
— or Python programs that import the needed
modules

 The ns-3 build tool, called 'waf', can be
used to run programs

» waf will place headers, object files,
libraries, and executables in a 'build’
directory
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Python bindings

* ns-3 uses a program called PyBindGen to

generate Python bindings for all libraries

C++ | >
header A
/4
(py)gcexml
ns-3
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Intermedis
Python
program

te

=

4

PyBindGen

C++
bindings
code

4

—

Python
module

4

C++ compiler
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Integrating other tools and libraries
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Other libraries

* more sophisticated scenarios and models
typically leverage other libraries

* ns-3 main distribution uses optional libraries
(libxml2, gsl, mysql) but care is taken to avoid
strict build dependencies

 the 'bake'tool (described later) helps to manage
library dependencies

 users are free to write their own Makefiles or
wscripts to do something special
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Matplotlib

* src/core/examples/sample-rng-plot.py

3500

3000

# Demonstrate use of ns-3 as a random number generator integrated 2500
# plotting tools; adapted from Gustavo Carneiro's ns-3 tutorial

2000
import numpy as np
import matplotlib.pyplot as plt

import ns.core 1000

1500

# mu, var = 100, 225 %0
rng = ns.core.NormalvVariable(100.0, 225.0)
X = [rng.GetValue() for t in range(10000)]

0,

0 5 20

POOC+ = B x=14.6, y=3.45e+03
# the histogram of the data

n, bins, patches = plt.hist(x, 50, normed=1, facecolor='qg', alpha=0.75)

plt.title('ns-3 histogram')

plt.text(60, .025, r'$\mu=100,\ \sigma=15$"')
plt.axis([40, 160, 0, 0.03])

plt.grid(True)

plt.show()

ns-3
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Click Modular Router

q Login
b Click!
Show pagesource | | Old revisions Sitemap | Recent changes | | | search |

PModular H Router 1

The Click Modular Router Project

;Modularq—‘! Router q\’

NEWS (September 24, 2011): Click 2.0.1 released!

SyClick: Symposium on Click Modular Router” was November 23-24, 2009, Ghent, Belgium! An excellent time was had. Video of the presentations is now
available.

This is the DokuWiki- for the Click modular router. Click was originally developed at MIT* with subsequent development at Mazu Networks+, ICIR?, UCLA*, and
Meraki.
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OpenFlow Switch

Please Note: This website has been archived and is no longer maintained.
See the Open Networking Foundation for current OpenFlow-related information.

I " Custom Search | Search |

y  OpenFlow

Home Videos Documents = About

Page Discussion Viewsource History
Quick Navigation
MPLS with OpenFlow/SDN » OpenFlow Specs
» Bug Tracking
» Wiki
» Legal
Contents [hide] » Log in
1 Motivation
2 Changes to the OpenFlow protocol OpenFlow White Paper
3D - Download the OpenFlow
emos M- Whitepaper (PDF)
4 Publications s
5 Talks OpenFlow Specification
EZN- Download v1.1.0 Implemented
6 People A~ (PDF)
] Acoke
Motivation i
Wiki Tools
MPLS networks have evolved over the last 10-15 years to become critically important for ISPs. They provide two key services:
traffic engineering in IP networks and L2 or L3 enterprise VPNs. However as carriers deploy MPLS networks, they find that (a) Personal tools
even though the MPLS data plane was meant to be simple, vendors end up supporting MPLS as an additional feature on » Log in
complex, energy hogging, expensive core routers; and (b) the IP/MPLS control plane has become exceedingly complex with a Navigation
wide variety of protocols tightly intertwined with the associated data-plane mechanisms. » OpenFlow.org
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CORE emulator

Networks and Communication Systems Branc

vV | | | 7

" /NRL/ITD / NCS / Common Open Research Emulator (CORE)

. @ @ @000

RE

Common Open Research Emulator (CORE)

NCS Home The Common Open Research Emulator (CORE) is a tool for emulating networks A,

Focus Areas on one or more machines. You can connect these emulated networks to live >
networks. CORE consists of a GUI for drawing topologies of lightweight virtual
machines, and Python modules for scripting network emulation.
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mininet emulator

GitHub This repository ¥  Search or type a command ® Explore Features Enterprise Blog @ Sign in

mininet / mininet s Star 468 |7 Fork 204

Home Pages History
<

Link modeling using ns 3 Poge History | [ Clone UL | |

Contents = vkt :
= Get Started
= Sample Workflow
e Introduction = Walkthrough
. = Overview
0 ns-3 emulation features n
o Link simulation with ns-3
. = Download
e Details ) faln
= Documentation
o How to achieve communication of ns-3 process with TAP interfaces in distinct u Videos 05
namespaces? = Source Code )
. . . = Apps
o Architecture: single ns-3 thread or multiple processes? « FAQ
e Code = Wiki
o Mininet = Teaching
h = Papers
© ne-3 paiches = GSoC 2013
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Co-simulation frameworks have emerged

 PNNL's FNCS framework integrates ns-3 with
transmission and distribution simulators

Power Grid Simulator Communication Network Simulator

Image source: PNNLgov YouTube video:
ns-3 Introducing FN5; Framewnpk faf Metwork Co-Simulation



FAQs

 Does ns-3 have a Windows version?

— Yes, for Visual Studio 2012

— http://www.nsnam.org/wiki/Ns-3 on Visual Studio 2012
* Does ns-3 support Eclipse or other IDEs?

— Instructions have been contributed by users
— http://www.nsnam.org/wiki/HOWTQ configure Eclipse with ns-3
* Is ns-3 provided in Linux or OS X package
systems (e.g. Debian packages)?
— Not officially, but some package maintainers exist

* Does ns-3 support NRL protolib applications?
— Not yet
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Summarizing

* Nns-3 models are written in C++ and
compiled into libraries

—Python bindings are optionally created

* ns-3 programs are C++ executables or
Python programs that call the ns-3 public
APl and can call other libraries

* ns-3 Is oriented towards the command-line
* ns-3 uses no domain specific language
* ns-3 Is not compatible with ns-2
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